e operated on 111 patients with 159 congenital club feet with the aim of correcting the deformity and achieving dynamic muscle balance. Clinical and biomechanical assessment was undertaken at least six years after operation when the patient was more than 13 years of age. The mean follow-up was for 11 years 10 months (6 to 36 years).
The aim of the treatment of congenital club foot is to obtain a functional, painfree, plantigrade foot which is able to wear a normal shoe. Most surgeons agree that the initial treatment should be non-operative. [1] [2] [3] Early surgery has been advocated for the foot which does not respond to initial conservative treatment or which relapses. 1, [4] [5] [6] Various methods of surgical treatment of club foot have been introduced which depend on their proponents' view of the aetiology and pathoanatomy. 4, [6] [7] [8] [9] It has been suggested that muscle imbalance is an aetiological factor. 4, [10] [11] [12] [13] The aim of surgery is to correct the deformities of equinus, inversion and adduction and to achieve dynamic muscle balance in order to maintain the correction. We report the long-term results of the treatment of congenital club foot by an operation which corrects these deformities and achieves dynamic muscle balance.
Patients and Methods
Between 1957 and 1994, we treated 1088 children aged from three months to 12 years, with 1521 club feet, by an operation to correct the deformity and achieve dynamic muscle balance. To determine the long-term results patients included in this study had to attend for clinical and radiological assessment and be over the age of 13 years at least six years after the operation. Of the 1088 patients, 111 (75 males and 36 females) fulfilled these criteria. The left foot was affected in 26, the right in 37 and the condition was bilateral in 48. The age at operation ranged from six months to 12 years (Table I ). The severity of the deformity was measured before operation using the angle of the longitudinal axis of the foot to the line connecting the medial and lateral malleoli (F-M angle). The smaller the angle, the worse was the deformity. Before operation, 29 feet were classified as mild (F-M >80), 70 as moderate (F-M 70 to 80) and 60 as severe (F-M <70) using this measurement. The muscle power of the peronei was assessed as weak in all the patients. There was reduced strength in tibialis anterior (grade IV) and in tibialis poster- 
Age
Number of Number of (yr) patients feet 0 .5 to 1  20  33  1 to 3  29  35  3 to 5  32  51  5 to 10  27  36  10 to 12  3  4   Total  111  159 ior and the triceps surae (grades III to IV) in 70 feet. These muscles were considered to be normal in 89 feet. The mean follow-up was for 11 years 10 months (6 to 36 years). The mean age at follow-up was 20 years (13 to 40). Operative technique. The surgical procedures performed to correct deformity are shown in Table II . Rebalancing was achieved by lateral transfer of the tendon of tibialis anterior to the second cuneiform in two feet, to the third cuneiform in 67, to the medial part of the cuboid in 88 and to the base of the fifth metatarsal in two. The site of reinsertion depended on the severity of the deformity, the power of the tibialis anterior and the peronei and on the position at which the lifting force was judged to achieve the best correction of the deformity during the operation. A long-leg plaster cast was applied with the knee in 90° of flexion, the ankle in 0° to 5° of dorsiflexion and the foot in mild abduction and eversion. The cast was worn for six weeks before the wire used for reinsertion of the transferred tendon was removed and the patient was then allowed to mobilise. Clinical assessment. The grading system shown in Table  III and based on others in the literature 9, 12, 14 was used for the assessment of the results. This allocates five points for self-assessment by the patient, 45 points for function, 30 for appearance and 20 for radiological changes. A score of 86 to 100 points was rated as excellent, 71 to 85 as good, 56 to 70 as fair and less than 56 points as poor. Radiological measurements. In the patients with unilateral club foot anteroposterior (AP) and lateral radiographs were taken using the standardised method of Simons. 15 Radiographs of the opposite normal foot were used as controls. We used a computer-assisted image-processing and analysing system for the radiological measurements as follows: 1) From the AP view we measured: a) The talometatarsal (T-M) angle between the axial lines of the talus and the first metatarsal. A negative T-M angle indicated adduction of the forefoot.
b) The calcaneocuboid angle as the angle between the longitudinal axes of the cuboid and the calcaneus.
c) The calcaneometatarsal angle as the angle between the longitudinal axes of the fifth metatarsal and the calcaneus.
d) The length of the first and fifth metatarsal. 
Main procedures
Number of feet
Percutaneous tenotomy of tendo Achillis 22
Lengthening of tendo Achillis 137
Posterior capsulotomy of the ankle and subtalar joints 47
Releasing of the posterior tibial neurovascular bundle 14
Lengthening of the posterior tibial tendon, flexor 13 hallucis longus tendon and flexor digiti longus tendon Medial release and wedge resection of the cuboid 15 a) The length of the talus and the calcaneus and the size of the talar knot.
b) The shape of the trochlea and the head of the talus. 3) To assess the hindfoot, the talocalcaneal index (TC index) was calculated by measuring the talocalcaneal angle on both the AP (TC-AP) and lateral views (TC-L). Measurement of foot pressure. We measured the foot pressure in 33 (42 feet) of the 111 patients. There were 20 men and 13 women, with 42 involved feet. The mean age at follow-up was 17 years (13 to 32). The mean height was 155 cm (142 to 167) and the mean body-weight 45 kg (41 to 75). The mean length of the involved foot was 22 cm (17 to 25). Dynamic force-plate measurements were made using an optical method. 16, 17 The patients walked on a glass plate, which was covered by a sheet of soft white plastic and attached to a video camera recording apparatus connected to a computer-assisted image-processing system. The static and dynamic images were recorded at 24 frames per second and digitised for data storage. They could be displayed frame by frame or continuously on a television monitor for dynamic studies. The areas of interest for pressure measurement are outlined in Figure 1 . The pressure distribution under the foot was measured in relation to the ground-contact time, pressure profile and other biomechanical parameters for each area of interest during the stance phase through a single step. The data from these measurements were processed and analysed using Harvard Graphics V3.0 software (Software Publishing Corporation, USA). Statistical analysis. The results of treatment were graded according to the points system in Table III . Statistical significance was obtained by the chi-squared test. Other data were evaluated by analysis of variance followed by Student's t-test. A p value of less than 0.05 was considered significant.
Results
Clinical outcome. Using the scoring system described in Table III , 87 feet (54.7%) were considered excellent, 59 (37.1%) good, eight (5%) fair and five (3.1%) poor. Overall, 146 feet (91.8%) were rated as excellent or good (Fig. 2) . In the 63 unilateral feet which were considered to have an excellent or good result there were still significant differences in the length, width and height of the foot and in the calf circumference compared with the opposite normal side (Table IV) . Good or excellent results were observed in 83 of the 89 feet (93%) in which calf function was assessed as normal and in 63 of the 70 feet (90%) in which it was weak.
Feet with mild or moderate deformity had a better outcome than those with severe deformity (Table V) . Patients whose operation was performed under the age of five years had better results than those over five years. Biomechanical measurements. Of the 42 feet which had dynamic force-plate measurements 35 were rated good or excellent and seven fair or poor by our scoring system. Data from the involved foot were compared with the opposite normal foot in unilateral cases and with a control group matched for age, gender, height, weight and length of the foot in bilateral cases. Distribution of dynamic pressure under the foot. The distribution of dynamic pressure under the foot was almost normal in the 35 feet with good or excellent results, whereas it was significantly different (p < 0.05) in the seven feet with fair or poor results. In these feet the time of full-foot ground contact was shorter and the time of heeloff longer than for the control foot. normal in the 35 feet rated as excellent and good. The dynamic peak pressure under the good and excellent feet was similar, apart from the lower values of peak pressure under the fifth metatarsal head and hallux (p < 0.05), to the control foot. In the seven feet rated fair and poor, the values of static and dynamic peak pressure were lower under the heel and hallux (p < 0.05) and higher under the lateral part of the sole and the head of the fifth metatarsal (p < 0.05). In particular, dynamic peak pressure under the lateral part of the sole and static peak pressure under the hallux were significantly different from the controls (p < 0.01).
Pressure-time integral for the selected areas under the foot.
The integrated value of foot pressures relating to time was the same in the feet rated as good and excellent as in the control feet, except for a lower value under the hallux (p < 0.05). In the feet rated as fair and poor, this value was lower under the heel and hallux (p < 0.05), but was higher under the lateral part of the sole and the head of the fifth metatarsal (p < 0.01). In particular, the value of the pressure-time integral differed significantly from the control feet under the lateral part of the sole, the head of the fifth metatarsal and the hallux.
Discussion
Congenital club foot is still an important problem in China as well as in the USA and Western Europe. [2] [3] [4] 7 We have developed a grading system, based on the criteria suggested by Garceau and Palmer 12 and others, 9,14 which relates clinical outcome to appearance, function, muscle strength and balance. Measurements of dynamic and static foot pressures were available for 42 feet.
There have been a number of studies on the muscles of the leg and foot in congenital club foot suggesting the importance of muscle imbalance in the aetiology and management of this condition. 10, 11, 13 Treatment by an early operation was aimed at achieving dynamic muscle balance. The foot deformity was first corrected surgically and then the tendon of the tibialis anterior or posterior was transferred laterally to the dorsum of the foot to maintain correction. Satisfactory results were reported in 95% of the cases after this procedure. 4 We have obtained good or excellent results in 91.8% of feet with a similar procedure aimed at correcting the deformity and achieving dynamic muscle balance; 74 feet in 52 patients were skeletally mature at follow-up. In 68 unilateral feet with good or excellent results, there was still significant reduction in the size of the foot and the circumference of the calf. Tarraf and Carroll 18 reported residual adduction and supination of the forefoot as the most common persistent deformity in 95% of 159 club feet which required repeat surgery after primary soft-tissue release. Residual deformity was much less common in our series. Overcorrection was seen if the transfer was too tight or too lateral. We recommend transfer to the lateral cuneiform. The tension in the transfer should maintain the ankle at 0° to 5° of dorsiflexion.
Biomechanical assessment was available in 42 feet. In those with good or excellent results the static and dynamic pressures were almost normal, whereas in those with fair or poor results they were significantly different from the controls. This type of measurement can be helpful in assessing results more objectively and in planning further procedures when necessary.
The age of the patient at operation is thought to be an important factor in the long-term outcome. Turco 7 advised surgery between the ages of one and two years. We feel that it is preferable to operate between the age of six months and one year in order to achieve a balanced corrected foot by the time the child is able to walk. Good or excellent results were obtained in this series in 94% of patients operated on between the ages of six months and five years. When operation was undertaken at over five years of age this figure fell to 88.2%. The preoperative severity of the deformity was assessed by the F-M angle. This correlated well with the outcome of surgery. In 29 feet assessed as having mild deformity by this method, 98% achieved good or excellent results whereas in 60 with severe deformity good or excellent results were achieved in only 88%.
Fair and poor results were associated with incorrect siting and tensioning of the tendon transfer. There were technical problems with slipping of the plaster and breakage of the wire used for suturing the tendon. Two feet showed overcorrection and severe eversion due to transfer of the tendon to the base of the fifth metatarsal. Careful follow-up is advised and if secondary eversion develops it should be corrected by resiting of the tendon in a more medial position.
We advocate surgical treatment of idiopathic congenital club foot by a soft-tissue procedure which corrects the deformity and establishes muscle balance by lateral transfer of the tendon of tibialis anterior to the lateral cuneiform. It is preferable to carry this out between the ages of six months and one year, but satisfactory results can be achieved up to at least five years of age or more.
